The biological value of giant grasshopper protein (Zonocerus variegatus) was evaluated by comparing the weight gained, food efficiency ratio (FER), protein efficiency ratio (PER) of rats fed standard laboratory chow with that of rats fed giant grasshopper, Soyabean(Glycine max) and crayfish. The effect of high fibre content on utilization of nutrients has also been assessed in rats fed the supplements. Each diet produced a progressive gain in body weight ranging from 32.1 ± 2.0g in rats feeding on control diet to 56.0 ± 2.0g for rats feeding on giant grass-hopper. FER ranges between 0.22 in rats fed on laboratory chow to 0.44 in giant grass-hopper fed rats while PER ranges between 1.12 in laboratory chow fed rats to 1.90 in rats fed giant grass-hopper. Despite the fact that food and protein intake of rats on control and experimental diets were identical, at the end of the 28 day feeding period, the growth rate, FER and PER of giant grass-hopper fed rats were significantly higher (P < 0.05) compared with rats fed on Soyabean(Glycine max), laboratory chow and crayfish supplemented diets, thus suggesting that the giant grass-hopper protein was superior in terms of quality and was better utilized. The fiber content in giant grass-hopper was 15%, which was thrice the amount present in laboratory chow and one and half times the amount present in crayfish. Plasma levels of total protein, essential amino acids and minerals in rats on different diets were almost identical. This seems to suggest that the high fiber content in giant grass-hopper did not seem to affect the bioavailability and levels of these parameters determined in the plasma especially the total protein and minerals. The significant increase in body weight, the high values of FER and PER together with ease of collection(possibility of cultivation) and economic aspect would make giant grasshopper a suitable alternative, digestible and highly nutritive protein and its inclusion in food supplementation would provide good quality protein especially in developing countries. Additionally, giant grasshopper protein may also be included in animal feed formulation.
INTRODUCTION
Protein energy malnutrition (PEM) contributes to more than 50% of the deaths of children under five years all over the developing countries [1] . As long as protein-energy malnutrition prevails in developing countries, the search for low cost, nutritious and easy to prepare locally available complementary foods will continue.
Efforts to improve the health and nutritional status of growing children have been directed towards diet supplementation. Supplements are prepared from locally available sources and the ones that have been used include soyabean, crayfish [2] and various leafy vegetables [3] .Vegetables such as legumes are suitable with cereals as this increases the protein quality of the cereal-based complementary food and can even supplement the deficient amino acids. However, problems of availability of suitable vegetable supplements vary from place to place. Moreover the use of legumes may be limited due to the presence of anti nutritional factors such as amylase inhibitor, protease inhibitor, phytates and condensed tannins which prevent nutrient bioavailability unless they are processed [4] .
All these factors have increased the search for newer supplements among edible insects. Hundreds of species of insects have been used as human food. Some important groups include grasshopper, caterpillar, beet grabs and winged termites. These insects have played an important part in the history of human nutrition in Africa, Asia and Latin America. Most insects are cheap, tasty and a good natural source of protein and minerals. Many species of insects are lower in fat and higher in protein [5] .
In Borno State of Nigeria, giant grasshopper (Zonocerus variegatus) is widely eaten as a delicacy. These grasshoppers weighing between 10 and 15g are caught at night during the cold weather (November-February), boiled briefly and then roasted. The roasted grasshoppers are readily displayed in markets and sold like meat. Previous work on the chemical analysis of this insect had shown it to contain 58.0g/100g crude protein, 12.4/100g crude fibre, 15.5g/100g crude lipid, an array of essential amino acids in the right proportion, and high amount of sodium, potassium, calcium and phosphorus [6] . The aim of this study was to evaluate the biological value of the giant grasshopper protein (as compared to soybeans or crayfish) as determined by measurement of growth rate, food efficiency ratio and serum amino acid level and also to assess the physiological effect of the high fibre content using serum cation levels as indices. In the preparation of supplemented diets a, b and c above, water was added to give a semisolid paste which was rolled and cut into pellets. These were dried in an oven at 56°C.Laboratory chow was used as control diet.
MATERIALS AND METHODS

Preparation
Feeding Experiment
Weanling male albino rats bred in University of Jos animal house from stock obtained at the National Institute of Pharmaceutical Research, Abuja, Nigeria were used. Twenty four rats weighing 40.0±2.5g were distributed evenly into 4 groups (6 rats/group). Rats were maintained at the animal house temperature (21±2°c) and fed with laboratory chow for 48h. At the end of 48h, group 2 received soyabean supplement (20g/rat/day), group 3 crayfish supplement (20g/rat/day) while group 4 received giant grasshopper (20g/rat/day) supplemented diet. Group 1 served as the control and was fed laboratory chow 20g/rat/day. The rats were housed individually in polypropylene cages. Water was given ad libitum, weighed diet was given so that each rat received 4g protein/day, and diet not consumed was collected, dried and weighed. Rats were fed for 28days. The rats were weighed initially and at the end of each week. Weight gained, food efficiency ratio (FER) and protein efficiency ratio(PER) were determined as follows: Serum levels of essential amino acids before the start of feeding and after 4 weeks of feeding on supplements was also assayed.
Collection of blood
Rats were sacrificed at zero and 28 days after ether anesthesia and blood collected by cardiac puncture. The blood was allowed to clot and serum group-pooled and stored at -20°C pending analysis.
Free amino acids in serum were determined with ion-exchange amino acid analyzer on a protein-free filtrate using the chromatographic methods of Spackman and Moore [7] . Total protein was determined by the Biuret micro method as modified by Kingsley [8] . Sodium, potassium, calcium, zinc and iron were determined in diluted serum using polarized atomic absorption spectrophotometry according to the procedure of Harris [9] .
Statistical Analysis
Values are expressed as mean ± SD. Randomized Complete Block Design Analysis of Variance was used. P values less than 0.05 were considered significant.
RESULTS
The food intake and gain in body weight of rats, food efficiency ratio (FER) and protein efficiency ratio (PER) of supplements are presented in Table 1 . Food and protein intake of rats on all the supplemented diet was identical. All supplements produced an increase in body weight, FER and PER. The weight gain ranges between 32.1g for rats fed on control diet and 56.0g for rats fed diet 4.Food efficiency ratio ranges between 0.22 and 0.44 and PER from 1.12 to 1.90 for rats on control diet and those fed diet 4 respectively. Weight grain, FER and PER of rats fed grasshopper supplements were statistically significantly higher (p <0.05) compared to other supplements. Rats fed on control diet had the lowest FER and PER.
Total protein levels and amino acid profile are presented in Tables 2 and 3 . Total protein levels in serum were almost identical for rats on different diets.There were no significant differences in serum essential amino acid levels of supplemented diets. The effect of giant grasshopper supplemented diet on serum level of cations is shown in Table 4 . Sodium and calcium levels were significantly higher (p< 0.05) in serum of rats fed supplement 4. Levels of other cations were almost identical for both control and experimental rats.
DISCUSSION
The effect of maintaining weanling rats on different protein sources on body weight, FER, PER, amino acid profile and serum levels of cations have been assessed. The increase in weight observed when supplemented diets were fed to rats as the sole protein source would suggest that all the diets adequately supported growth. The significant difference in body weight of rats fed grasshopper supplemented diet (Diet 4) at the end of the 4 th week would suggest that the protein in diet 4 is of good quality and was better utilized. Studies have shown that a protein that produces a weight grain of 25g in 4 week when fed to rats as the sole source of dietary protein is generally considered a good quality protein [8] .
PER is the ability of a protein to support growth in young rapidly growing rats as shown by Sarwar and McDonough [9] . Though the food and protein intake of rats on diets 3 and 4 were the same, rats on diet 4 gained more weight. This would suggest that the grasshopper protein was superior and slightly better utilized than that of either soyabean or crayfish which are commonly used as supplements in developing countries. Similar results have been obtained with several species of lipidoptera larvae when used as a sole source of protein [10] . The FER and PER values obtained for supplement 4 agreed with reported values for casein supplement [11] . The observation that there was no significant difference in the levels of essential amino acids of supplemented diets seems to suggest that the giant grasshopper protein is of good biological value and these amino acids released and absorbed were well utilized. This is further supported by the observation that total protein values in serum were almost identical. The almost identical PER value obtained with supplement 4 and compared to PER values of casein appears to suggest the giant grasshopper protein is highly digestible. This would make the amino acids available for absorption thus augmenting growth. Nakagagi and Finke [12] have reported the superiority of house cricket Acheta domestica protein to soyaprotein in promoting growth at all levels of intake.
Serum levels of sodium and calcium were significantly higher in supplement 4. The 15% fibre level in giant grasshopper was about thrice the amount of the fibre in laboratory chow and 1½ times the amount in crayfish. Definitely rats on supplement 4 consumed more fibre. Sodium, potassium calcium and phosphorus play a crucial role in fluid balance, enzyme activity and bone growth. Serum level of these cations may be affected by presence of high level of fibre in the diet. The finding that levels of virtually all cations were identical would appear to suggest that the high fibre in diet 4 did not negatively affect mineral bioavailability especially zinc, iron and calcium which are known to be affected by dietary fibre [13, 14, 15] .
CONCLUSION
The good quality protein present in giant grasshopper with high biological value as shown by high FER and PER values, together with ease of collection and breeding, and the economic aspects would make it a good quality protein source. Breeding of grasshopper should be encouraged for use in dietary supplementation especially in developing countries such as Nigeria. Additionally, giant grasshopper protein may be included in animal feed formulation. Values are mean ± SD for three determinations. 
